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PREFACE

This report presents the recommendations of the Swift-
Running Rivers Work Group concerning the most effective R&D
approach to a long-term solution to aids-to-navigation
problems in swift-running rivers. The Swift-Running Rivers
Work Group was formed in June 1974 in response to a mandate
from the Chief of Staff of the U. S. Coast Guard to investigate
what appeared to be miajor aids-to-navigation problems in the
Western River System of the United States and to recommend
a long term R&D approach to their solution. The recommendations
of the Group are based upon approximately three man-months of
on-scene investigation and one man-month of data analysis, con-

ducted during its year-long tenure.

Since the Work Group Status Report of October 1974 is
referenced in the final report, it is included under this same
cover. These two reports are the only formal reports which

were generated by the group.
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INTRODUCTION

The Swift-Running Rivers Work Group was formed 1in
June 1974 in response to G-CBU/84 memo 5930 dated 29 April
1974. Its expressed purpose was to recommend an R&D approach
to a long-term solution to navigation in swift-running rivers.
This report presents the recommendations of the group. The
recommendations are based upon approximately three man-months
nf on-scene investigation and one man-month of data analysis,
conducted during the year-long tenure of the group.

The work group members assigned by their respective
commands were:

LT John Tozzi - G-DET; chairman

CDR John Drewer - G-WAN Permanent members

LT Dan Ryan - CCGD2(oan)

LCDR Bob Cassis -~ G-DET

17 Ted Colburn - R&DC

LT Larry Olson - G-DST Temporary members

Mr. Paul Glahe - G-EOE

Mr. Lowell Andrew - CCGD2(ecv)
The permanent members set and maintained the course of the
group throughout the study. They requested assistance from
the cognizant temporary member(s) in resolving problems re-
lated to specialized areas of ex'ertise., Each member, per-
manent or temporary, was expected to spend about 20 percent
of his work time on group business.

The main body of this report consists of a relatively

short, concise statement of the group recommendations concern-

ing R&D efforts in swift-running rivers navigation. Support-
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ing information including a brief history of group activities

over the past year and an explanation of the analytical

techniques used and the results obtained are included in

Appendices A through G.
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RESULTS AND RECOMMENDATIONS

A. Results

According to the work greoup analysis of the navigation
problems in swift-running rivers, the Coast Guard should direct
its long-term R&D efforts in the area of river aids-to-navigation
toward an improved short range aids-to-navigation (SRAN) sys-
tem. As described in Appendix C, this system would consist of
improved, lightweight fast water buoys, moorings, and shore
structures; small, fast servicing craft; and improved servicing
techniques, The analytical results presented in Appendix G
show that, under the general assumptions made concerning imple-
mentation and cost considerations (some explained in Appendix
F), the improved SRAN system does rate considerably Figher than
any of the other systems which were considered. Electronics
systems rate well below the present SRAN system; the group's
analysis indicates that these are impractical for river navaid
use at this time. (This does not imply that the utility of
electronics systems as river navaid systems should not be re-
evaluated as the state-of-the-art improves. In fact, it is
conceivable that periodic re-evaluations might show a favorable
trend in the relative cost-effectiveness of such systems.) The
interested reader will find further information concerning the
conduct of the investigation and analysis in Appendices A

through G.




B. Recommendations

Based upon the results of the work group's analysis,
the following recommendations conceruning the specific areas in
which R&D efforts are required for the development of the
improved SRAN system are made:

1. Improved, lightweight fast-water buoys:

There 18 presently an R&D effort in this area.
The Fast Water Buoy Development Project is
scheduled for hand=-off by 31 December 1976.
Its product will be compatible with the concept
Ko of the improved SRAN system. Small design modi-
fications may be required in order to place it
in the improved system which is finally imple-
mented; these modifications will require at
worst a minimal effort on the part of Coast
Guard engineers.

2. Improved, lightweight moorings (cable and anchor):

Again, there is presently 3an R&D effort in this
area. A modification of the specific areas of
emphasis of the project work may be required to
direct all or part of the result toward an accept-
able lightweight river buoy mooring which is com-

patible with the improved SRAN system,

3. Improved, lightweight shore structures:

y An operating requirement to direct an R&D effort
in this area should be developed. The improved

structure should be compatible with the mainten-

|

- " ———— " - F’."'m‘l V1 A J.,‘;,—m‘ e "’E"i“"‘



ance concept of the Improved SRAN System (Appendix
C), 1.e., the structure components and construc-
tion tools must be light and compact enough to be
transportable by the developed small, fast servic-
ing craft or a four-wheel drive vehicle of accept-
able size and the structure should be easily
assembled by two or three river AtoN servicing
personnel.

Small, fast servicing craft:

An operating requirement to direct an R&D effort

in this area should be developed. The required
capabilities of the craft will be governed by its
compatibility with the improved buoys, moorings,
and structures and by the implementation plan which
will be adopted, i.e., the number of craft which
will be used, patrol frequency, etc., The satisfac-
tory development of such a craft would necessarily
be prefaced by a review of buoy, mooring, and struc-
ture servicing techniques which would enhance the
servicing efficiency of the craft and its crew.

The result of this review might be the identifica-
tion of the need for an additional R&D effort to

develop specialized handling equipment,

As the necessary operating requirements and implementation plans

are developed, other areas requiring R&D assistance may be

identified.

In any event, the four areas discussed above are
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offered as a brcad basi~ for the total effort which should
realize the full benefits of the Improved SRAN System within

the next fifteen years.
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Work Group Activities, October 1974 - August 1975
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This Appendix gives a synopsis of work group activities
since the work group status report of October, 1974. As sug-
gested in that status report, the work group effort was divided
into three phases. These were:

1. Detailed orientation, systems research, and
data collection

2. Data evaluation and correlation

3. Report preparation and presentation

Phase I was begun in October 1974 and extended through
May 1975. During that time, the permanent members of the work
group dedicated ovor.three man-months to observation and data
collection throughout the Second Coast Guard District. The
Phase I Guide included as Appendix C of the status report of
October 1974 was used to help channel the data collection effort
into areas considered pertinent to the work group effort. The
Phase I investigation helped the group members to become familiar
with the river environment and yielded a large amount of documen-
tation in the form of trip reports. These trip reports are
presently held in a master file in G-DET-2; copies may be obtained
upon request.

The work group began Phase II in June 1975. The first
group meeting of Phase II was conducted at Coast Guard Head-
quarters, Washington, D.C., during the week of 22 June 1975. .
The agenda for the meeting called for a complete review of the
group's position on towboat industry needs and the Coast Guard
needs regarding river AtoN, of the possible alternate systems

and system imprcvement listed in Appendix D of the status report
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of October 1974, and of desired river navaid system character-
istice listed in Appendix D of that report in light of the
knowledge gained during Phase I. The review was necessary in
order to set a firm base for the system evaluation., Seven of
the eight permanent and temporary group members were in attend-
ance. The meeting produced rough drafts of the characteristics
and classifications of river types, the classification of user
types, system improvements or alternatives to be considered,
the actual evaluation criteria to be used, and the procedure
for the conduct of the evaluation. The final forms of the river
characteristics and user types are included in Appendix B.
The system improvements and alternatives considered are described
in Appendix C. Appendix D shows evaluation criteria and Appendix
E describes briefly the procedure for evaluation.

Only the permanent work group members participated in
the final meeting held during the week of 27 July 1975. Copiles
of the contents of Appendices B, C, and D were distributed to
each of the permanent members beforehand. During the meeting,
implementation and cost considerations were formulated and the
evaluation was conducted. Appendices E and F address specifically
these items. Appendix G contains a synopsis of scoring and

final results as presented in the body of the report.
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APPENDIKX B

River and User Classifications
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River Classification

The Second Coast Guard District maintaine aids to navi-
gation on eight major rivers (Upper Mississippi, Lower Mississippi,
Tennessee, Cumberland, Missouri, Arkansas, Illinois, and Ohio)
and fourteen tributaries. There are 6232 total navigable river
miles, In CY 73, 419,942,374 short tons of cargo transited
parts of this river system for a total of 128.4 billion ton-miles.
Table B-1 lists the major rivers and tributaries with their
respective mileage and ton-miles (Statistics for CY 73).

For the purposes of this study, all eight major rivers
and three Ohio River tributaries (Monongahela River, Green
River, and Kanawha River) were considered. These rivers accounted
for 99.8 percent of the total ton-miles during CY 73. They also
comprise 90 percent of the river miles in the Western River
System,

The rivers were grouped into three general classifica-
tions, These are open rivers, mixed rivers, and pooled rivers.
The definitions of the open and pooled rivers were given in the
work group status report of October 1974. The group considered
it prudent to add the third classification, mixed rivers, to
account for the problems peculiar to those rivers which are
intended to be pooled but which have the characteristics of open
rivers for more than three months each year when the forces of
nature render the controlling functions of dams ineffective.

The general basis for each classification 1is:

1. Open rivers - free flowing, no dam control

13
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2, Mixed rivers - effective dam control for
50-90% of the year

3., Pooled rivers - effective dam control for
90% of the year or more

(Table B-2 lists major river-type characteristics)
The rivers were grouped as follows:

Open Rivers

1. Upper Mississippl River below St. Louis, Mo.
2, Lower Mississippi River
3. Missouri River

Mixed Rivers

1, Arkansas River
2. Ohio River below Newburgh, Ind.
3. Illinois River below Peoria, Ill.

Pooled Rivers

1., Tennessee River

2., Monongahela River

3. Cumberland River

4. Green River

5. Kanawha River

6. Upper Mississippi River above St. Louls, Mo.

7. 1llinois River above Peoria, Ill.

User Classification

For the purpose of this study, the following classifi-
cations of river navaid users apply:
1. Large Users - commercial vessels which tow

cargo barges or carry passengers in the inter-




&)

port trade, no matter what the size of the
vesegel.

Small Users - Commercial vessels which tow
cargo or service barges or carry passengers
on an intra-port basis including fleeting
tugs, excursion boats, and private pleasure

craft.




RIVERS IN THE SECOND COAST GUARD DISTRICT

%4 Total Ton-Miles % Total
River Miles Miles (x 10-9) Ton-Miles
Mississippil 1139.9 18.3 69.7 54.3
(STL to Baton Rouge)
Ohio 981 15.7 29.9¢ 23.3
Mississippi 673.5 10.8 10.7 8.3
(above STL)
[llinodis 291 4.7 7.8 6.1
Tennessee 649 10.4 3.9 3.0
Moncngahela 128,7 2.1 1.5 1.2
Green 103 1.7 1.4 1.1
Cumberland 381 6.1 1.1 .9
Miasouri 732.6 11.8 .88 A7/
Kanawha 91 1.5 .80 .6
Arkansas 447.6 7.2 .34 .3
Total 5618.3 90.3 128,02 99.8
Black-Ouachita 304 .11
Allegheny 72.0 .08
Minnesota 14.7 .06
Kentucky 89.6 .05
St. Croix 23.3 .03
Big Sandy 4.0 .004
Total 6125,9 128.4
No Ton-Mile figures available: Sans Bois Creek - 10.9
Clinch - 61.5
Emory - 12,1
Little - 1% 2
Hiwassee - 20.4
Total - .106.1

TOTAL RIVER MILES: 6232

Source: Waterway Commerce of the U.,§. CY 1973
Compiled by Lower Mississippi Valley Corps of Engineers

Definition: Ton mile figures reflect only the distance each ton
of cargo moved on the waterway.

TABLE B-1
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OPEN

MIXED

POULED

Current Range (mph)

Range: 3-8; Avg: 5

Range: 1-7; Avg:3

Range: 1-7; Avg: 1-2

Channel Stability

constantly shift-
ing with some
seasonal patterns

must be redefined
before each pool

stage (1-3 times

per year)

stable

Channel Depth

seasonal varia-
tion, 9-40 ft.;
higher frequency
change due to
weather, 5-20 ft.

seasonal varia~
tion, 9-40 ft,
from pooled to
open; higher
frequency varia-
tion at high
wvater, 5-20 ft,

Seasonal variation,
9-40 ft; higher
frequency variation
of about 10 ft,

Channel Width

Avg. width 300 ft,
Varies seasonally;
can be as wide as

600 ft. or as nar-
row as 150 ft.

Avg. width 300 ft.
Varies seasonally;
can be as wide as

600 ft. or as nar-
row as 150 ft,

Avg. width 300 ft.
Little variation
except at extreme
high water.

TABLE B-2

17
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APPENDIX C

Systems Evaluated
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This Appendix contains an explanation of each system
alternative or improved system considered during the work
group analysis. The five systems which were rated ayainst
the present system were developed from the liscting of possi-
ble alternative systems or system improvements contained in

Appendix C of the work group status report of October 1974,
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ELECTRONICS SYSTEM A

A. Principle of Operation

Electronice System A is an electronics navigation sys-
tem which does require a compatible data processing capability
aboard the user vessels. In general, the vessel will be pro-
vided information concerning the location of all navigable
water with respect to a standard reference grid. A system will
be supplied to permit any properly-equipped vessel to determine
its position with respect to the reference grid. Channel and
vessel position information will be inputs to an on-board
processor which will provide usable navigation information to
a suitable display console. The navigator will use the displayed
information together with radar, bridge-to-bridge communications,

fathometer, etc., to navigate safely.

B. Conceptual Systems

In general, Electronics System A requires five coordinated
functions for proper operation, These are (1) the determination
of all navigable water with respect to the standard grid, (2)
the determination of the vessel position with respect to the
grid, (3) the storage of updated channel information, (4) the
transmission of all necessary data to the vessel at the appro-
priate time, and (5) the compilation and display of the data
for the use of the navigator. Two conceptual systems which can
fulfill these requirements are described below. It must be em-

phasized that these are conceptual systems and are not intended

20
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to represent a complete listing of feasible systems.
l. Loran-C System
Alrcraft or high speed watercraft would be used to
update channel information at suitable intervals. The ves-
sels might employ highly accurate fathometers, sidescan
sonars, or high resolution radar to determine the bottom
depth profile; the survey craft's position at any given instant
of time would be determined using a differential Loran-C
technique. Depth and position information would be trans-
mitted to and stored in a number of carefully positioned
information transponders located along tue river bank. As a
tow progressed through a particular area, its navigation infor-
mation system would interrogate the appropriate transponder to
obtain updated channel information. Concurrently, its differ-
ential Loran-C positioning system would continuously update the
vessel position information. (NOTE: On the larger tows, it
would be necessary to know the position of both the head and
the stern.,) The channel and vessel position, orientation, and
movement information would be processed and displayed for the
navigator's use.
Complete implementation would require:
a. from the Coast Guard
i. a differential Loran-C system with suitable
accuracy for each river.
i1, depth sounding craft with sufficient equipment
to determine the bottom profile continuously while
underway and some means of relating the depth at a

certain point to Loran-C fix information.

21
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111, transponder - type data storage facilities for

channel information at suitable locations along the

river.

b, from the user

i. a sufficient number of Loran-C receivers and

other necessary equipment to determine position

and orientation (if necessary) -sing differential

Loran-C.

ii. 1interrogators and receivers to obtain current

channel information.

ii1, suitable data processing equipment to combine

vessel position and channel information and pro-

duce a usable display.

iv. suitable collision avoidance equipment, e.g.,

radar and bridge-to-bridge radio.
2. Radar Positioning System

The same type of channel survey craft and survey equip-

ment might be employed; however, the position of the craft
at any time would be determined using the installed radar
ranging system. This system would include coded or other-
wise defined radar targets installed at appropriate loca-
tions along the river whose geographical position is known
in some frame at reference., To determine vessel position,
data processing equipment aboard the vessel would be pro-
vided the locations of two targets which would be used, the

range of the vessel from each target, and the LOP crossing

22




angle at the vessel by a calibrated, high resolution radar.
As the vessel progressed on its journey, radar target
position would be updated when necessary. The range of the
vessel from each target and the LOP crossing angle would
be updated on a continuous basis. Using this positioning
method, then, and the installed depth sounding equipment,
the survey craft could rapidly update the depth and posi-
tion information stored in the same type of carefully
positioned information transponders as suggested for the
Loran-C system., As a tow transited an area, its navigation
system would interrogate the appropriate transponder to
obtain updated channel information. Concurrently, the
radar positioning system would continuously update the
vessel position information. (NOTE: On larger tows, an
identifiable radar reflector placed on a lead barge could
be used to obtain orientation information.) The channel
and vessel position (and orientation) information would be
processod ind cisplayed for the navigators' use.
Complete implementation would require:
a. from the Coast Guard

i. a sufficient number of radar targets placed

in suitable positions along the river.

11. depth sounding craft with sufficient equipment

to determine the bottom profile continuously and

some means of relatinq a depth at a certain point

to iadar fix information,

23
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i1i. transponder-type data storage facilities for
channel information at suitable locations along the
river.

from the user

i. a calibrated, high-resolution radar and other
necessary equipment to determine position and
orientation (if necessary) using the radar position-
ing system.

i1, interrogators and receivers to obtain current
channel information.

i11i. suitable data processing equipment to combine
vessel position and channel information and produce
a usable display.

iv. some means of checking and adjusting, if neces-
sary, the calibration of the radar at frequent
intervals while underway.

v, suitable collision avoidance equipment, e.g.,

bridge-to-bridge radio.

24
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ELECTRONICS SYSTEM B

A. Principle of Operation

Electronics System B is an electronic navigation
system which does not require a data processing capability
aboard the user vessels. In general vessel position, orien-
tation, etc., are monitored by some suitable means from
several carefully positioned sites along the river. Bottom
profile data in its area of coverage 1s transmitted to
each shore site at frequent intervals, The channel and
vessel position information is processed at each shore site
and the processed data is transmitted to the user vessels
in the area for display. The navigator will use the dis-
played data together with a back-up radar, bridge-to-bridge

communications, fathometer, etc., to navigate safely,.

B. Conceptual System

In general, Electronics System B requires five co-
ordinated functions for proper operation. These are (1)
the determination of all navigable water with respect to a
standard grid, (2) the determination of the vessel position
with respect to the grid, (3) transmission or compilation of
the necessary data at each shore site, (4) processing the data
at the shore site, and (5) transmission of the processed data

to user vessels and display. Two conceptual systems which can
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fulfill these requirements are described below. Again, it

should be noted that these conceptual systems are not

intended ¢to represent a complete 1listing of

feasible systems.
1. Shore-Based Radar System

Shore sites equipped with high resolution radars

would be constructed at suitable intervals along the
river. The exact geographical position of the radar
would be known in some frame of reference. Conse-
quently, the position of any location within the area
of coverage of the radar would be known, As vessels
entered the area of coverage of a particular site, they
would shift their information data receivers to the
appropriate site. Their positions relative to the
radar would be determined at the shore site and pro-
vided as an input to the shore-based data processing
equipment. Further, a channel survey craft, similiar
to those suggested previously, would provide updated
channel information to the data processor at frequent
intervals., Note that the position of the channel
survey craft, if waterborne, would be known at all
times since it would be a radar contact, Consequently,
no other positioning system is necessary aboard a
wvaterborne survey craft. Further, if a compatible
display system is installed on a waterborne survey

craft, the personnel aboard it could see the channel

26
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information change as they transmit the updated data
to the system. Orientation of the larger tows could
be obtained directly from the radar image. The channel
and vessel position, orientation, and movement data
would be processed at each shore site and transmitted
to the user vessels in the area for display.
Complete implementation would require:
a. from the Coast Guard
i. a suitable number of radar-equipped shore
sites with rapid data processing equipment on
each river,
i1, a depth sounding craft with sufficient
equipment to determine the bottom profile
continuously while underway and equipped with
a compatible data display system.
b. from the user
i. receivers and a compatible data display
system.
ii. back-up collision avoidance equipment,
e.g., radar and bridge-to~bridge radio.
Loran-C Systenm
Shore sites would be constructed as before; however,
since they would have no direct radar positioning
function, their locations would be less critical., Also,
their number might be reduced significantly. Each
vessel tranéiting an area would be equipped with one

(or two, 1f orientation is desired) Loran-C receivers

27
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which would obtain position information continuously
from an installed differential Loran-C system which
would cover the particular area. This information
would be transmitted immediately to the currently
"local" shore site. Channel information would be
provided to each shore site by a high speed survey
craft which would also use the differential Loran-C
system to determine its position. The vessel and
channel information would be processed at the appro-
priate shore site and transmitted to the user vessels
in the area for display,

3“- Complete implementation would require:

a. from the Coast Guard

} i. a suitable number of shore sites with

' transmitters, receivers, and rapid data process-

ing equipment on each river.
ii. a differential Loran-C system with suit-
able accuracy for each river,
i1i. depth sounding craft with sufficient
equipment to determine the bottom profile
continuously while underway and some means
of relating a depth at a certain location to
Loran-C fix information.

b. from the user
SR Loran-C receiver(s) and necessary trans-

mitting equipment to determine and transmit

28
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position (and orientation, if necessary)
information to "local"” shore site.

i1, receivers and a compatible data display
system.

111. back-up collision avoidance equipment,

e.g., radar and bridge-to-bridge radio.

29
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PRESENT SHORT-RANGE AtoN (SRAN) SYSTEM

A. Principle of Operation

The present AtoN system maintained on the Western
Rivers is a buoy-beacon type of system which, if properly
maintained, offers, during periods of slow to moderate cur-
rent speed, a good visual navaid capability in clear weather
and a limited radar navaid capability in foul weather, Ef-
fective service may not be provided either visually or by
radar during periods of high current speed since the floating
aids are submerged. It requires only basic collision avoid-
ance equipment to be provided by the user (radar, bridge-to-
bridge radio). In general, the user vessels are provided
visual and limited radar information concerning the location
of a navigable channel in which water depths are greater than
some published lower limit. Since the channel markers are
malntained by a slow waterborne vessel, system adjustments due
to changing river bottom contours and river levels are made on

a systematically scheduled basis, Faet reaction to a particu-

lar problem in a certain area cannot be expected. Consequently,

navigation charts, written and broadcast channel reports, and
river stage predictions are offered to the user to supplement
the maintained system. Note that the navigation charts also
enhance the predictability of forthcoming problems. The
navigator mentally combines all of the available navigation
information from the navaid system with his own experience to

make the best navigational decisions.
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B, System Maintenance

As described above, the system utilizes basically
visual AtoN equipment to provide a complete visual and a
very limited radar navaid system. The buoy systems used
are buoy-mooring cable-concrete sinker (in a few cases, jet-
ted cone)., The beacons are constructed or attached to trees
along the river banks. The serviecing craft are of the
pusher-barge type. They are relatively slow and service the
alds in their area of responsibility on a scheduled basis.

During an AtoN patrol, the'aervicing craft adjusts the buoys

and beacons to account for a changing bottom contour; corrects

discrepancies caused by fast current, debris,or towboat colli-

sions; and retrieves stray buoys or damaged structures. All
hardware replacement is effected through the district office
on competitive contracts.
Complete implementation requires:
a, from the Coast Guard
i. hardware including buoys, beacons, light
systems, etc.
i1, servicing craft and personnel.

i11. channel reports (written and broadcasted).

iv. support units, e.g., depots, group persuvnnel,

buoy tender moorings, etc.
b. from the user
i. some experience on the river.
i1, collision avoidance equipment, e.g., radar

and bridge-to-bridge radio.
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C.

from

i,

ii.

the U, S, Army Corps of Engineers
navigation charts.

river level predictions.
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IMPROVED SHORT-RANGE AtoN SYSTEM

A. Principle of Operation

Essentially the same as the Present System with the
following improvements:

1., Improved buoys to minimize fast current-caused

discrepancies, thus providing better service dur-

ing periods of fast current.

2. Improved buoy mooring systems to permit servic-

ing by smaller, faster craft,

3. Small, fast servicing craft, capable of quick

reaction to reported discrepancies as well as frequent,

fast inspection and routine maintenance patrols.

4, Improved servicing techniques which facilitate

both routine and non-routine servicing operations,

5. Improved methods for marking bridge pilers and other

such obstructions, e.g., RACONS, coded radar, reflec-

tors, etc.

This system extends the effectiveness of the present
system to periods of high current speed, and it increases the
overall present system effectiveness by reducing response time

and service time.

B. Conceptual System

The conceptual system would utilize buoys and beacons

as its primary means of providing navigational information,
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W Howaver, the buoy/mooring systems would be light weight and
very efficient in the river environment. The beacons would be
redesigned to lessen the weight and to accelerate the required .
installation procedure. The Bervicing craft would be small,
hign speed craft manned by about 4-5 people. The areas of
responsibility of the servicing craft would be apportioned to
insure that each craft would be placed near the middle of its
run and that each craft could inspect one-half of its run in
12 hours or less. One or two large tenders may be retained
in each major river to perform the more difficult tasks and to

resupply the small AtoN craft, Whenever possible, beacons

o'

Py

would be serviced by use of a four-wheel drive vehicle assigned
to each small AtoN craft, The user is offered a system of
visual aids with supplementary navigation charts, channel
reports, and river stage predictions. He combines the avail-
ahble navigational information with his own experience and his
coliision avoidance information to make navigational decisions.
Complete implementation would require:
a., from the Coast Guard
i. improved river AtoN hardware including
buoys, moorings, beacons, etc,
ii. sufficient small, high speed servicing craft
to support the system in a manner consistent with
the fast-reaction discrepancy-correction concept.
111, sufficient large servicing craft to handle

the "big jobs" and to resupply the small craft.




iv., support units, e.g., depots, group personnel,
moorings, etc.

v. channel reports (written or broadcasted)

from the user

i. some experience on the river.

ii{., ccllision avoidance equipment, e.g., radar
and bridge-to-bridge radio,

from the U, S, Army Corps of Engineers

1. navigation charts,

ii. river level predictions,.



HYBRID SYSTEM A

A. Principle of Operation
This system combines Electronics System A and the
Improved Short-Range AtoN System to form one system which
provides more satisfactory service to the small user (see
Appendix B) while offering suitable degree of redundancy for
the large user in the event of a total primary system failure.
Buoy or beacon adjustments for shifting channels could be
made using the electronics system channel information. 1In
fact, the channel survey craft could double as an SRAN tending
craft. A complete improved SRAN system would be maintained
in designated ports; a minimum improved SRAN system would be
maintained between ports to permit vessels to travel at re-
duced speed with some increased risk of grounding if the pri-
mary system fails,
Complete implementation would require:
a. from the Coast Guard
3 O combined items listed for the individual
systems.
b. from the user
i. from the large user - combined items listed
for the individual systems.
ii., from the small user - only those items listed

under Improved SRAN System.




HYBRID SYSTEM B

A. Principle of Operation
This system combines Electronics System B and the
Improved Short-Range AtoN Systcm to rorm one system which pro-
vides more satisfactory service to the small user while offer-
ing a suitable degree of redundancy for the large user in the
event of total primary system failure. Buoy or beacon adjust-
ments for shifcing channels could be made using the electronics
system channel information. In fact, the channel survey craft
AR could be double as a buoy-beacon tending craft. A complete
improved SRAN system would be maintained in designated ports;
a minimum improved SRAN system would be maintained between
ports to permit vessels to travel at reduced speed with some
increased risk of grounding if the primary system fails.
Complete implementation would require:
a. from the Cosst Guard
i. combined items listed for the individual
systems.
b. from the user
i. fron the larger user - combined items listed
for the individual systems,
ii. from the small user - only those items listed

under Improved SRAN Systems,
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APPENDTIX D

Evaluation Criter ia
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This Appendix contains the evaluation booklet which was
used by the permanent pgroup members to evaluate the proposed
system alternatives/improvements against the present system,
Many of the rating points required subjective decisions to be
made concerning implementation and cost considerations. The
group made these decisions using available information; some
of the considerations which directed the ratings are contained
in Appendix F. The actual evaluation sheets for each system
are on file in the work group file in G-DET-2,

Some general considerations which governed the develop-
ments of the evaluation booklet were:

1. Both effectiveness and cost criteria must be

considered., Part 1 is essentially effectiveness

criteria while Part II relates to cost,

2. The number - d arrangement of the individual

rating items - ould be selected so that the relative

importance of each item is reflected in the final

result, This led to the development of definite sec-
tions within each part (cost and effectiveness),
containing only a few rating items each and weighted

as to importance,

3. The actual number rating system used should not

permit "average' ratings and should provide for

adequate differences between number grades, Conse-
quently, the system of 0, 1, 7, 10 was selected to

meet these requirements.
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4, The evaluation procedure should permit as much
flexibility as possible in rating the relative {m-
portance of cost and effectiveness so that sensitivity
analyses can be performed and, if necessary, the

weighting of each can be changed in light of changing

management philosophy,
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RIVER NAVAID SYSTEMS EVALUATION

System

Evaluator

River Classification

This evaluation booklet provides a means by which selected
river unavaid systems can be rated on a relative basis. The
product of the evaluation will be a numerical grade which
reflects the overall relative suitability of a given system
when compared to its competitors, In order to perform the
evaluation, the evaluator must rate the system on each of
the rating items suggested in the four sections of Part I
and the two sections of Part II. For the purposes of the
rating,

0 - no capability/effect at all
1l - poor

4 - fair

7 - good
10 - excellent

The evaluator should total the raw score upon completion of
each section. Note that the weight of each section within
both Parts I and II is provided with the section title for the

information of the evaluator. Comments on the specific strenghts

and weaknesses of the system are solicited at the conclusion of
each section. The evaluator is encouraged to offer specific
comments on all items, particularly those for which the system
received a rating of 0.

Synopsis-of-scoring sheets for Parts I and II and an overall
synopsis-of-scoring sheet is provided with this booklet. Upon
completion of Parts I and II, the evaluator should record the
pertinent information on the appropriate synopsis-of-scoring
sheet. The overall score is determined by combining the scores
for Parts I and II in the overall synopsis-of-scoring, after

weightings for Parts I and II are set.
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PART 1 - SYSTEM PERFORMANCE AND USER ACCEPTANCE CRITERIA

A. ADEQUACY (40%)

RATING
(0,1,4,7,10)

1. Ildentifies navigable water (assuming the
maximum practical survey frequency).....oeoovvuunns

2. Provides vessel position and orientation
within the navigable water....cciveeeevonevncsanss

3. Provides information concerning the rate
of change of vessel position and orientation
within the naviaable vater.ll..llllllitlO'll'.Ol.l.

4. Provides a predictability capability to
ingure that the vessel operator will have suf-
ficient advance information....eveevvvennervnvennas

5. Provides the required information in a
suitable format to insure that it can be
easily assimilated by the uBer..veeevevsvsronvarnns

TOTAL RAW SCORE........

Conments on strengths and weaknessess (continue on reverse
side 1if necessary)
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B. FLEXIBILITY (10%)
RATING
(0,1,4,7,10)
1. Adjusts rapidly for changing water levels......
2. Adjusts rapidly for shifting channels..........
3. Permits safe navigation under all weather
conditions. d.y Or nishtlll‘lll.l‘..l‘l.l".lll.l.l
TOTAL RAW SCORE.......,

<" Comments on strengths and weaknesses (continue on reverse

side if necessary)
{ 43
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C. AVAILABILITY (20%)

RATING
(0,1,4,7,10)

1. Insensitive to the hazarde of the river
environment including swift current, debris,
tosboat collisions, vandalism, bank erosion,
and 1ce (if appropriate)..ccceeveercnvnncesnnssnnss

2, Provides sufficient reliability and re-
dundancy to insure that usable time will be
maximized and that back-up systems will
permit all user vessels to at least

travel at reduced speed and at increased
but acceptable risk during primary system

Outage-.o.-.-.-.-o-......-.....o..........-...ooo.

3. Short mean time to repair.....vvvvvcsorvvensns

TOTAL RAW SCORE.......

Conments on strengths and weaknesses (continue on reverse

side if necessary)



D. ACCEPTABILITY TO THE USER
(assuming voluntary user acceptance) (30%)

RATING
(0,1,4,7,10)
Large User Small User

1, Low total system co8t..seeseecsns

2. Minimum transition impact........

TOTAL RAW SCORE........

Comments on strengths and weaknesses (continue on reverse
side 1f necessary)
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SYNOPSIS OF SCORING

PART 1

SECTION A

Raw Score =

Normalized Weighted Score = Raw Score x 100 x .40 =
50

SECTION B

Raw Score =

Normalized Weighted Score = Raw Score x 100 x .10 =
30

SECTION C

Raw Score =

Normalized Weighted Score = Raw Score x 100 x .20 =
30

SECTION D

Raw Score = Large User

Large Small

Small Usger User User

Normalized Weighted Score = Raw Score x 100 x ,30 =
20

TOTAL NORMALIZED WEIGHTED SCORE..., =
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PART II - COAST GUARD ASPECTS

A. IMPLEMENTATION PLAN (40%)

RATING
(0,1,4,7,

1. LOW 1n1tial costu'tOo!.nooooouooolollloo'lclol

2. Minimum workload impact....seevseessonncosose.

3. Minimum transition dmpact...ertevvtrtrieecenssens

TOTAL RAW SCORE.......

10)

||

Comments on strengths and weaknesses (continue on reverse
side if necessary)
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LOGISTICS (60%)

Ease of maintenance........

® 00 20 8 4060 00082000

Reasonable personnel training level
required for maintenance......ooveovssarsocrcsone

Reasonable type and size of servicing
craft required. ivcoivvisocansenrarnasasrtostonansnne

Low cost of maintenancCe..ocoveevovsovnsnssosss

TOTAL RAW SCORE......

s

e
* Y ’

(0,1,4,7,10)

Comments on strengths and weaknesses (continue on reverse
side if necessary)
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SYNOPSIS OF SCORING

PART 11

SECTION A

Raw Score = _

Normalized Weighted Score = Raw Score x 100 x .40 =

30

SECTION B

Raw Score =

Normalized Weighted Score = Raw Score x 100 x .60 =

40

TOTAL NORMALIZED WEIGHTED SCORE......
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A.

OVERALL SYNOPS1S OF SCORING

TOTAL NORMALIZED WEIGHTED SCORES

Part

Large User

Small User

I

11

OVERALL SCORES

 g Heighting Factors

Overall Scores*

“Part I

Part II

Large Users

Small Users

*Overall Score = (Total Score x Weighting Factor)

part 1

+ (Total Score x Weighting Factor)

part 2




APPENDTIX E

Conduct of the Evaluation
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The three permanent work group members conducted the
evaluation of the proposed systems alternatives and improve-
ments during the week of 27 July 1975, At that time the im-
plementation and cost considerations, some of which are included
in Appendix F, were developed; and, based on these and other
calculated assumptions, the evaluation was performed. The
initial intent was to perform a separate evaluation for each
river type, but the results for the open and pooled rivers
showed the same trends so that a separate evaluation for the
mixed rivers was deemed unnecessary. A synopsis of scoring
for the open and pooled rivers is illustrated in Appendix G.
After the actual rating was completed, the group performed a
sensitivity analysis on the results for different cost
and effectiveness weightings. The results of these analyses
are presented also in Appendix G and support well the final

results and recommendations.
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APPENDIX F

Implementation and Cost Considerations
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A

As the permanent work group mombers began the evalua-
tion of the system alternatives and the improved system, it
became apparent that assumptions concerning implementation and
cost considerations would be required in order to rate some of
the {tems. Some of the assumptions are indicated explicity in
the evaluation booklet, e.g., item I.A.1l. requires a rating
for the degree to which a particular system identifies the
available navigable water under the explicit assumption that
the maximum practical channel survey frequency for the avail-
able survey craft is used and section I.,D. requires a rating
of two items concerning the acceptability of the system to the
user under the explicit assumption the user has a choice of
any of the systems considered. However, many more implicit
assumptions concerning other rating items were made. All
assumptions were made in light of the best available informa-
tion from personnel with expertise in the particular area, The
purpose of this appendix 1is to point out some typical implicit
assumptions made in order to illustrate the general line of
reasoning used iu most cases, Specifically, the assumptions

made during the rating of item I.A.5. and II.B.4., are presented.

A. Assumptions Made During the Rating of Item I.A.S5.

Item I.A.5. requires a rating on the suitability of
the format of the navigational information presentation for
easy assimilation by the user. The group agreed that, from
thelr observations during the data gathering phase (Phase 1),

the present system (assuming that all buoys and shore aids are
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properly placed and on station) offers a sufficient amount of
navigation information for safe navigatioé in a very satisfac-
tory format. In general, the short range aids to navigation
system offers, during periods of good visibility, information

from three sources: (1) visual observation of the aids on

station and other river traffic in the area, (2) Corps of Engin-

eers navigation charts, and (3) Coast Guard written or broad-
casted channel reports., During periods of reduced visibility,
the radar display will either supplement or replace the visual
observations. From this information, the operator can (1)
determine his vessel's position in the channel, (2) determine
the position of other vessels in his area relative to his own
position and relative to the channel, (3) predict the change
in his vessel's position with time with respect to the channel
and other vessel's in the area, and (4) predict and prepare for
hazards or otherwise undesirable situations which might be up-
coming within at least one mile of the present position of his
vessel. Discussions with towboat operators indicate that this
format of navigation information presentation is very satis-
factory. Consequently, the group assigned a rating of 10 for
item I.A.5. for systems which provided information in the
same or a very similar format.

In considering the method by which the electronics
systems could be rated relatively on this item, the group con-
sidered first the impact of the required electronics display.

Since the SRAN system offers the operator both along-track and
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cross~track information.to the same scale, this was imposed

as a requirement for the electroni¢s display. Further, a
minimum of 1 mile along-track predictability 1is required to
offer information to the same standard as the present system;
and, in order for the operator to safely place a tow which may
exceed 100' in width in a channel 300' wide, the 30C' channel
width should approach 2%" on a display screen. Consequently,

a screen width of 10" (to allow for variations) would

suffice. However, the minimum screen length (for the same
scale) would have to be 44", calculated in the following

manner:

2.5 300
x = 5280
x = 44"

Under the preceding assumptions, the practical use of
Electronics System A during periods of good visibility (assum-
ing perfect accuracy of the positioning system) would require
that the operator receive information from two sources: (1)
the rather large electronics display, and (2) visuai observa-
tions of other vessels in his area. But the coordination of
the information from these sources would be very difficult and
could prove almost impossible in pressure situations., Further,
the use of the radar to supplement or replace the visual obser~-
vations during periods of reduced visibility would be very aw<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>